The insertion loss of perforated porous plates in a duct without and with mean air flow by Aygun, Haydar
	
		
		
	

		
 !∀!#!∃#%
&	

∋((
	)(∗(
	
	
	
	
			
	
	
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution
and sharing with colleagues.
Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party
websites are prohibited.
In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information
regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:
http://www.elsevier.com/copyright
Author's personal copy
The insertion loss of perforated porous plates in a duct without
and with mean air ﬂow
H. Aygun, K. Attenborough *
Acoustic Research Centre, Department of Engineering, University of Hull, Cottingham Road, HULL HU6 7RX, UK
Received 4 August 2006; received in revised form 19 December 2006; accepted 21 December 2006
Available online 23 February 2007
Abstract
Measurements of the acoustic insertion loss of poroelastic plates with diﬀerent perforation ratios, mounted transversely across a ﬂow
duct, without and with ﬂow have been made at various locations in the duct. For the lower perforation ratio the insertion loss is found to
be approximately 3 dB higher with air ﬂow than without over the frequency range of the measurements. A parallel impedance model has
been formulated to predict the eﬀects of perforation on the insertion loss without ﬂow. Measurements and predictions without ﬂow have
been found to be in reasonable agreement.
 2007 Elsevier Ltd. All rights reserved.
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1. Introduction
Poroelastic materials may be employed for noise control
in aircraft, buildings and various other engineering applica-
tions. According to Goransson [1], ‘the fundamental char-
acteristic of porous materials treated to reduce noise is that
the produced ﬂuid ﬂow through the poroelastic material is
opposed because of the frictional force produced by the
ﬁbres or the cell walls on the ﬂuid. This mechanism allows
the energy to be absorbed from the acoustic wave and to be
converted into heat.’ Viscous friction due to relative
motion between solid and ﬂuid constitutes one mechanism.
If the frame of the porous material is viscoelastic then other
dissipative mechanisms are possible.
Horoshenkov and Sakagami [2] have used the Helm-
holtz integral equation formulation to produce the solution
for the acoustic ﬁeld reﬂected from a ﬁnite, thin, poroelas-
tic plate in a rigid baﬄe with simply supported edges. The
acoustic properties of the porous material were taken into
account by using the eﬀective ﬂuid assumption.
Takahashi and Tanaka [3] have presented an analytical
model of sound absorption and sound transmission
through a single permeable membrane. They carried out
a theoretical investigation of the sound absorption of struc-
tures composed of air layers, absorptive layers and perme-
able membrane facings and compared predictions with the
experimental data measured by using the reverberation-
room method. Takahashi et al. [4] have presented a new
method for analyzing acoustic coupling due to ﬂexural
vibration of perforated plates and plates of poroelastic
materials. The analytical model they presented is developed
by introducing ﬂow continuity at the plate surface in a spa-
tially mean sense and air–solid interaction within the plate
material. They have analyzed some acoustic problems
based on a classical thin-plate theory in relation to the
interactive eﬀect of ﬂexural vibration and plate permeabil-
ity to demonstrate the method of application.
Rao and Munjal [5] have calculated the normal inci-
dence impedance of an oriﬁce or cluster of oriﬁces (perfo-
rated plate), and investigated their use in the prediction
of noise reduction across concentric tube resonators The
eﬀects of the thickness of the plate and the diameter of
the holes on the impedance of the perforate were taken into
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account. Dickey et al. [6] have presented an experimental
investigation of the linear impedance of perforated inter-
faces exposed to grazing ﬂuid ﬂow, including a description
of the branch-type setup used in the study.
Peat et al. [7] have compared the results from a recent
theoretical analysis of the problem with a new set of exper-
imental results.
Kirby and Cummings [8] have presented data for the
acoustic impedance of multiply perforated plates exposed
to fully developed grazing gas ﬂow in a duct, both with
and without a backing layer of porous material. Cummings
and Astley [9] have described a FE formulation for sound
attenuation in ‘‘bar-silencers’’, consisting of rectangular
prisms of sound-absorbing material placed in a rectangular
lattice arrangement within a rigid-walled duct. They took
the uniform mean gas ﬂow in the ‘‘airway’’ of the silencer
into account. Cummings [10] has analyzed the transmission
of complex periodic and transient acoustic signals through
oriﬁce plates at high amplitude, and in the absence of mean
ﬂuid ﬂow. He solved the equation of motion for the air in
the oriﬁce numerically in the time domain.
Ingard [11] has studied the absorption and scattering
from resonators in a free ﬁeld as well as in walls. Morfey
[12] has extended the theory of sound transmission and
generation in hard-walled ducts to include axial and swirl-
ing mean ﬂow. The theory presented is based on the idea of
a single-frequency mode response function rather than a
Green function. Wendoloski [13] has examined the acoustic
behaviour of a constricted duct when a mean ﬂow is
present.
The purpose of this manuscript is to investigate the
eﬀects of inserting a clamped perforated porous plate on
the uniformity of ﬂow and the sound absorption in a duct.
These eﬀects are assessed by measuring insertion loss at dif-
ferent locations in the duct. A parallel impedance model is
used to model the eﬀects of the perforation. The role of per-
foration is to increase the permeability and to decrease the
pressure drop associated with the insertion of the layer.
The plate is assumed to be governed by the clamped rectan-
gular poroelastic plate theory developed by Leclaire et al.
[14] and Aygun et al. [15]. The measured insertion loss of
poroelastic plate in the absence of mean air ﬂow is com-
pared to predictions.
2. Theoretical analysis
2.1. Acoustical coupling for perforated porous plate
A schematic diagram of a perforated poroelastic plate in
a baﬄe and the symbols used for modelling this arrange-
ment are given in Fig. 1. The theoretical analysis does
not include the absorption due to the open pores on the
inside surfaces of the perforation holes. Such absorption
can be neglected due to the relatively small size of the pores
compared with the holes and the relatively small surface
area involved. It is assumed that the perforated porous
plate and the baﬄe separate two ﬂuid half-spaces.
The pressure diﬀerence DP across the perforated poro-
elastic plate causes plate vibration in a ﬂexural mode with
velocity mp. If the porous plate is vibrating under acoustic
loading (mp 6¼ 0), then the mean particle velocity mm is given
by [3]
mm ¼ mp þ ðmf  mpÞ k ð1Þ
where mf is the spatially averaged velocity in each hole, and
k, is the perforation ratio. Also, introducing Z0 = Zre-
sist + Zreact = DP/mf, the impedance of each hole when the
plate is at rest, it is possible to write [3]
Zresistðmf  mpÞ þ Zreactmf ¼ DP ð2Þ
The real part of the impedance, Zresist, is related to the
air-solid interaction in each hole. Rearranging Eq. (2),
the relative velocity between each hole and the porous plate
is given by [3]
mf  mp ¼
DP
Z0

Zreact
Z0
mp ð3Þ
By inserting Eq. (3) into Eq. (1), the mean particle velocity
becomes
mm ¼ mp 
ðZreactmp þ DP Þ k
Z0
ð4Þ
The acoustic impedance of a perforation hole is given by
[16], i.e.
Z0 ¼
h
R
þ 2
  ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2g0xq0
p
þ jxq0ð0:96S
1=2  7:7RS1=2 þ hÞ
þ Zc
pR2
0:0625
ð5Þ
where R is the diameter of the hole, h is the thickness of the
plate, g0 is the air viscosity which is equal to
1.839 · 105 Pa s for standard temperature and pressure,
q0 is the air density, x is the angular frequency, S is the
area of the hole, and Zc is the characteristic impedance
of the free air.
       x
mv
                                                                                                  z 
Rigid baffle
vf
Perforated porous plate
Air
Rigid baffle
n
vp Air
 X0
h
PtPi
Pr
Fig. 1. Schematic diagram showing a perforated porous plate in rigid
baﬄe.
H. Aygun, K. Attenborough / Applied Acoustics 69 (2008) 506–513 507
Author's personal copy
The boundary condition for the acoustic velocities at the
source side of the perforated porous plate are given by [2]
rP S
ixq0
¼ nmp þ
P S
Z in
k ð6Þ
where Zin is the front speciﬁc acoustic impedance of the
plate, PS is the sound pressure on the source side, and
n ¼ 1 ðZreact=Z0Þ k.
The boundary conditions for the acoustic pressures and
velocities at the receiver side of the plate are given by [2]
P t ¼ P
þ
b e
icb þ Pb e
icb ð7Þ
rP t
ixq0
¼ nmp þ
DP b
Z in
k ð8Þ
where Pt is the transmitted sound pressure, cb = kph and kp
is the complex wave number in the porous medium.
When the plate is loaded by a ﬂuid half-space, the front
surface acoustic impedance is given by [16]
Z in ¼ Zp
Za  jZp cot gðkphÞ
Zp  jZa cot gðkphÞ
ð9Þ
where Zp = qpcp is the characteristic impedance of the por-
ous medium, cp is the complex sound speed in the porous
medium and qp is the eﬀective density of the ﬂuid in porous
medium. Za is the acoustic impedance of the ﬂuid half-
space, given by q0c0. The eﬀective density and the bulk
modulus are calculated by assuming that the material is
rigid-porous and using an appropriate model (e.g. [16–18]).
2.2. Reflected sound pressure for a perforated porous plate
Consider that the plate shown in Fig. 1 is vibrating
under a plane harmonic wave with the sound pressure Pi
given bye eizk0 . Time dependence exp(ixt) is understood.
According to the Helmholtz integral formulation for a
two-dimensional problem, the sound pressure PS(x) on
the surface of the source side of the plate can be expressed
as follows [19]:
P SðxÞ ¼ 2½P iðxÞz¼0  2

Z
P Sðx0Þ
oGðxjx0Þ
on
 Gðxjx0Þ
oP Sðx0Þ
on
 
z¼0
dx0
ð10Þ
where G(xjx0) is the two-dimensional free-space Green’s
function, which is given by Gðxjx0Þ ¼ ði=4ÞH
ð1Þ
0 ðk0jx x0jÞ.
H
ð1Þ
0 is the Hankel function of the ﬁrst kind of order zero,
which is given by H
ð1Þ
0 ðk0jx x0jÞ ¼
R a
0
eik0ðxx0Þ
pk0
dx0. n is the
normal taken outward, perpendicular to the surface of
the plate and a is the dimension of the plate in x-direction.
For a plane surface, the term involving oGðxjx0Þ
on
vanishes.
Then Eq. (10) becomes
P SðxÞ ¼ 2½P iðxÞz¼0 þ 2
Z
Gðxjx0Þ
oP Sðx0Þ
on
 
z¼0
dx0 ð11Þ
The normal gradient of the pressure at the boundary is
oPS(x0)/on = iq0xm(x0). Then Eq. (11) becomes
P SðxÞ ¼ 2P iðxÞ þ
i
2
Z a
0
q0xmðx0ÞH
ð1Þ
0 ðK0jx x0jÞdx0 ð12Þ
Using the boundary condition (6) the acoustic pressure on
the surface of the source side of the plate can be expressed
as
P SðxÞ ¼ 2P iðxÞ þ
i
2
Z a
0
½x2q0nw
þ ik0v1P Sðx0ÞH
ð1Þ
0 ðK0jx x0jÞdx0 ð13Þ
where v1 is the speciﬁc acoustic admittance of the source
side of the plate surface which is given by ðq0c0 k =Z inÞ,
and w is the displacement of the plate.
Eq. (13) can be solved analytically by using the Fourier
transform technique. The detailed procedures are given
elsewhere [3,20]. Finally, the solution for the acoustic pres-
sure can be expressed as [22]
P S ¼
iq0wn=k0 þ 2ð1þ v1Þ
1þ 2v1
ð14Þ
The reﬂected sound pressure Pr can be calculated by using
the Helmholtz integral equation for a two-dimensional
problem at a certain point (x,z) and by substituting the
boundary value PS. Then Pr becomes [22]
P rðzÞ ¼
iq0wn=k0 þ e
ik0z
1þ 2v1
ð15Þ
The absorption coeﬃcient of the plate can be calculated
from
aabs ¼ 1 jP r=P ij
2 ð16Þ
2.3. Sound transmission through a perforated porous plate
In an analogous manner, by using the boundary condi-
tion (8) and the Helmholtz integral formulation the surface
acoustic pressure Pt on the receiver side can be expressed as
follows [2]:
P tðxÞ ¼ 
i
2
Z a
0
½q0x
2nwþ ik0v2eP bðx0ÞH
ð1Þ
0 ðK0jx x0jÞdx0
ð17Þ
where v2 is the speciﬁc acoustic admittance of the receiver
side of the plate surface, which is given by ðq0c0 k =Z inÞ, and
e is the velocity transfer coeﬃcient, which is given by
e ¼
eicb  rbe
icb
1 rb
ð18Þ
where rb is the reﬂection coeﬃcient of the receiver side of
the plate, which is given by
rb ¼
Za  Zp
Zp þ Za
e2icb ð19Þ
By substituting the sound pressure and its normal deriva-
tive on the boundary surface into a Helmholtz integral
formula, the transmitted sound pressure can be obtained
as [4]
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P tðzÞ ¼
2v2ee
ik0z  iq0x
2nw=k0
1þ 2v2e
ð20Þ
The insertion loss IL is given by
IL ¼ 10 log 10ðjP i=P tjÞ
2
ð21Þ
The acoustic impedance of the plate Zp, the complex
wave number kp, the complex sound speed in the porous
plate cp, and the eﬀective density of the ﬂuid in porous
plate qp are calculated by using the method of Allard
et al. [16].
3. Measurements
3.1. Experimental procedure
Sound insertion loss measurements on two perforated
porous plates have been carried out in the ﬂow duct at
the University of Hull designed by Cummings [9]. A dia-
gram showing the ﬂow duct test arrangement is given in
Fig. 2. This ﬂow duct has an internal cross section of
1.2 m · 0.8 m and is 27.7 m long. The walls are made of
24 mm thick plywood and an outer cladding of 1.3 mm
lead. The surface density of the wall is about 32 kg/m2.
The air-ﬂow rate can be changed by varying the fan blade
pitch angle between 2 and +24. Four speakers of 600 W
are mounted in the sound source section in the ﬂow duct
walls as shown in Fig. 2. A noise generator, type 1405,
and a 1.6 kW power ampliﬁer, type SR707, are used to feed
the speakers. The sound in the test section is measured by a
1/2 in B&K microphone, type 4133, ﬁtted in a B&K turbu-
lence cancelling tube, type UA0436. A turbulence screen is
ﬁxed on a longitudinal rail ﬁtted diagonally across and
along the duct.
The output of the microphone was connected to a B&K
ampliﬁer, type 2609. The output of the ampliﬁer was fed to
an Ono Sokki two-channel FFT analyzer, type CF350Z.
Two porous plates and a plywood plate were used in the
insertion loss measurements. The plates were transversely
mounted between two heavy steel frames in the test section
of the ﬂow duct. All of the gaps between the walls of the
duct and the edges of the frame were sealed by putty.
3.2. Insertion loss measurements
The insertion loss can be determined from (22) [21]
IL ¼ LpII  LpI ð22Þ
where LpI is the spatial average sound pressure level in the
frequency band in the test duct, when the porous plate is
installed, and LpII is the spatial average sound pressure level
in the frequency band in the test duct, when the porous
plate is removed.
The spatial averaged sound pressure level, Lp, has been
calculated by measuring the local sound pressure levels at
a minimum of three key positions equally spaced on the
diagonal line shown in Fig. 3a. The local sound pressure
levels were measured by a 1/2 in B&K microphone which
was ﬁtted in a B&K turbulence cancelling tube as shown
in Fig. 3b. The length of this tube was bigger than a quarter
of wavelength at the lowest frequency of interest. The spa-
tial average sound pressure level, Lp, in dB, has been deter-
mined from the local sound pressure levels, Lpi, using (23)
[21]:
Lp ¼ 10 log
1
nm
Xnm
i¼1
10
LPi
10
" #
ð23Þ
where nm is the number of measurements.
The background noise produced by the air ﬂow at each
measurement position was at least 10 dB below the test sig-
nal. This was checked by measuring the sound pressure lev-
els with the loudspeaker unit turned on and oﬀ. The air
ﬂow rate in the test series with and without the porous
plate installed was the same. The microphone signal was
analyzed in one-third octave bands. The perforated Black
plate was transversely mounted in the ﬂow duct as shown
in Fig. 3c. The edges of the plate were clamped by using
two steel frames. The area of the plate aﬀected by the
sound was reduced to 0.9 m · 0.7 m because of the steel
frame. The 1.8% and 14.4% perforations of the plate were
provided by 10 holes of 44 mm diameter, and 25 holes of
84 mm diameter, respectively. The measured characteristics
of the plates are given in Table 1.
Fig. 4 shows the measured insertion loss data for the
perforated Black plate without air ﬂow. For 1.8% perfora-
tion the insertion loss is higher throughout the frequency
range due to the narrower air ways, and has maximum
values between 1000 Hz and 5000 Hz. The insertion loss
at 50 Hz for 14.4% perforation is not plotted being nega-
tive due to the undulations in the measured insertion loss
Test section 
Test plate 
Inlet duct
Air flow
Wall
Anechoic termination
Sound source section
Fan outlet silencer
Fan
Inlet silencer
Wall
 Outlet
Fig. 2. A diagram of the ﬂow duct test arrangement.
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at low frequency. Fig. 4 shows that increasing the perfora-
tion ratio decreases the measured insertion loss by about
6 dB. The measured insertion loss spectra for the Black
plate in presence of air ﬂow are shown in Fig. 5. The air
ﬂow speed in front of the hole at the receiver side of the
plate is 52.37 m/s for 1.8% perforation ratio, and is
30.24 m/s for 14.4% perforation ratio, corresponding to
Mach numbers of 0.153 and 0.088, respectively. The air
ﬂow speed on source side of the plate is 5.39 m/s. For
1.8% perforation the presence of air ﬂow increases the
measured insertion loss throughout the frequency range
by about 3 dB. But the measured IL of the Black plate
for 14.4% perforation ratio is not aﬀected by air ﬂow
except for a very small change between 200 Hz and
700 Hz. According to Figs. 4 and 5 it seems that air ﬂow
does not aﬀect the insertion loss of the Black plate for
higher perforation ratios. The insertion losses below
125 Hz for 14.4% perforation ratio and below 15 Hz for
1.8% perforation ratio are not recorded because they were
negative at these frequencies.
4
λ
6
l
l
O -Additional positions
 X - Key positions 
≥
Flow direction
a
b c
Fig. 3. (a) Microphone positions, (b) turbulence screen with a microphone ﬁtted on a longitudinal rail, and (c) a perforated porous plate transversely
mounted in the ﬂow duct [22].
Table 1
The measured characteristics of the porous plates
Lx (m) Ly (m) h (m) q (kg/m
3) E (Pa) Loss factor Porosity / Poission ratio m Flow resistivity (N s/m4) a1
YB10 0.5 0.5 0.01 353 2.1 · 107 0.1 0.69 0.35 68111 1.2
Black plate 1 1 0.021 223 2.46 · 106 0.35 0.75 0.3 46933 1.85
Fig. 4. The measured insertion loss of the perforated Black plate without
air ﬂow.
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The measured insertion losses of YB10 plates with dif-
ferent perforation ratios in the absence of air ﬂow are
shown in Fig. 6. For both perforation ratios, the IL curves
exhibit peaks between 315 Hz and 1000 Hz. The IL for
1.8% and 10.39% perforation ratios are not plotted below
31.5 Hz and 50 Hz, respectively. The measured IL of the
YB10 is decreased by about 4 dB by increasing the perfora-
tion ratio.
The measured insertion losses of the YB10 plates with
air ﬂow are shown in Fig. 7. The air ﬂow increases the
IL by between 2 and 5 dB at low frequency for 1.8% perfo-
ration ratio, and decreases the IL of the plate by between 1
and 2 dB throughout the frequency range for 10.39% perfo-
ration ratio in comparison with no air ﬂow. The air ﬂow
speed on the receiver side of the YB10 plate was 57.7 m/s
for 1.8% perforation ratio, and 37.71 m/s for 10.39% perfo-
ration ratio, corresponding to Mach numbers of 0.168 and
0.110, respectively. The air ﬂow speed on source side of the
plate was 5.69 m/s.
3.3. The measured IL of the porous plates at different
locations in the duct
To assess the eﬀects of inserting perforated plates on the
uniformity of the ﬂow in the duct, the insertion loss has
been measured with diﬀerent plate locations. The plates
which were previously mounted at a distance of 4.5 m from
the microphone were moved to 2.5 m from the micro-
phone. The perforated poroelastic plates were excited by
the acoustic sound ﬁeld without air ﬂow.
The measured insertion losses of the Black plate
mounted at diﬀerent locations in the duct, in the absence
of air ﬂow, are compared in Fig. 8. It seems that mounting
the plate at diﬀerent locations does not aﬀect the measured
IL very much in the absence of air ﬂow. In the case of 1.8%
perforation ratio the IL of the Black plate (when distance
between Microphone and plate was 2.5 m) is not recorded
below 50 Hz where it was negative. The measured IL only
changes between 100 Hz and 300 Hz with diﬀerent plate
positions. For 14.4% perforation the measured IL data at
both locations have similar values, even though there is a
small diﬀerence at 50 Hz. Fig. 9 compares the measured
IL of the YB10 plates at diﬀerent locations in the duct
without mean air ﬂow. For 1.8% perforation ratio the IL
data are not completely similar, and diﬀer by between 0.5
and 2 dB throughout frequency range. The peak IL is
decreased by about 2 dB when the plate is mounted closer
to microphone. For the higher perforation, the IL results
Fig. 5. The measured insertion loss of the perforated Black plate with air
ﬂow.
Fig. 6. The measured insertion loss of the perforated YB10 plates without
air ﬂow.
Fig. 7. The measured insertion loss of the perforated YB10 plates with air
ﬂow.
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are similar at low frequency, and are little diﬀerent between
1000 Hz and 2500 Hz. The peak insertion loss is similar at
both locations. The IL data are not plotted at below
100 Hz where they were negative.
Fig. 10 compares the measured IL of YB10 plates for
diﬀerent perforations and diﬀerent locations in the duct
in the presence of mean air ﬂow. For the higher perfora-
tion, the IL is increased at all frequencies by mounting
the plate closer to microphone. For 1.8% perforation the
results diﬀer only slightly for frequencies between 40 Hz
and 70 Hz, between 800 Hz and 1250 Hz, and between
4000 Hz and 5000 Hz.
4. Comparisons between predicted and measured IL without
flow
In this section, we compare numerical predictions of
insertion loss of perforated inﬁnite plates to the measured
insertion loss of two ﬁnite perforated poroelastic plates
for diﬀerent perforation ratios but without mean air ﬂow.
Eq. (20) was used to calculate the insertion loss of the
clamped rectangular perforated plates. Fig. 11 shows the
measured and predicted insertion loss spectra for the perfo-
rated YB10 plates. For 1.8% perforation ratio, the agree-
ment between measured and predicted IL is reasonably
good at low frequency but there is a discrepancy of
between 1 dB and 2 dB at high frequency between measure-
ments and predictions. For 10.39% perforation ratio, the
Fig. 8. The measured insertion loss of the perforated Black plates placed
at diﬀerent locations in the duct without air ﬂow.
Fig. 9. The measured insertion loss of the YB10 plates at diﬀerent
locations in the duct without air ﬂow.
Fig. 10. The measured insertion loss of the YB10 plates at diﬀerent
locations in the duct with air ﬂow.
Fig. 11. Predicted and measured insertion loss of perforated YB10 plates
without air ﬂow.
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measured insertion loss, agrees reasonably well with the
predicted insertion loss except for a discrepancy of about
4 dB at frequencies between 3000 Hz and 5000 Hz.
A comparison of the measured and predicted insertion
loss of the Black plates in the absence of air ﬂow is shown
in Fig. 12. For 1.8% perforation the measured and pre-
dicted IL agree well apart from the discrepancies observed
at higher frequencies. For 14.4% perforation ratio, the
agreement between the predicted and measured IL is satis-
factory although there are discrepancies at very low and
high frequencies.
5. Conclusion
The insertion losses of two diﬀerent types of perforated
porous plates have been measured for two diﬀerent perfo-
ration ratios and in two diﬀerent locations in a ﬂow duct
with and without air ﬂow. For the higher perforation ratio,
the measured insertion loss of porous plates decreases.
Mounting the plates at diﬀerent locations in the duct did
not aﬀect the measured insertion loss signiﬁcantly in the
absence of air ﬂow. But in presence of air ﬂow, the mea-
sured insertion loss of YB10 plate with the higher perfora-
tion ratio increases when the plate is mounted closer to the
microphone. The measured insertion losses of perforated
porous plates with air ﬂow are not compared with the pre-
dictions since a model for the insertion losses of perforated
porous plates with air ﬂow has not yet been formulated.
However, an analytical model that takes into account the
eﬀect of perforations and the eﬀect of the ﬂexural vibra-
tions in the plates has been formulated and used to calcu-
late the insertion loss in the absence of air ﬂow. The
agreement between measured and predicted insertion loss
of perforated porous plates in the absence of air ﬂow is sat-
isfactory. The observed discrepancies between data and
predictions for insertion loss without ﬂow may, in part,
be the results of the assumption of rigid-frame when calcu-
lating the acoustical characteristics of the plate materials.
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